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natural, naturally, nature  140  0.92  115  0.67 
stream, streaming, streams  48  0.32  21  0.12 
vegetated, vegetation  48  0.32  31  0.18 
branch, branches  47  0.31  20  0.12 
animal, animals  42  0.28     
environment, environments  35  0.23  35  0.20 
Flowing  28  0.18     
Wildlife  28  0.18  23  0.13 
Waterway      23  0.13 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cognitive  Immersion  Focused  Relaxation  Peaceful 







Peace of mind  Weight is lifted  Calm   




Slow my thoughts  Undistracted     
Less inhibited  Appreciation     







Feel fit and healthy  Invigorated  Refreshed  Enlivened 
Vibrant  Active  Invigorated  Away 
Relaxed  Revitalised     
Headache free  Quiet     
Calm       
Energetic       
Affect  Calm  Joyful  Peaceful  Restful 
Peaceful  Happy  Calm  No cares 
Grateful  Secure  Content   
Detached  Remote  Safe   
Timeless  Disconnected  Fortunate   
Immersed  In touch     
Pacified  At ease     
Soothed  Safe     




Tranquil  Meditative  Centred  Switch off 
Content  Inner peace  Tranquil   
Free  Unwind     
Positive  Vibrant     
Relaxing  Quiet     
Calm  Soothing to soul     
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Melbourne Water has diverse stakeholder groups that must be consulted, engaged, informed and collaborated 
with in regards to Melbourne Water’s priorities for the lands it owns, manages or influences. Three key 
stakeholder groups identified by Melbourne Water include other government agencies, the development sector 
and other internal stakeholders within Melbourne Water. Each of these groups sees biodiversity conservation 
through a different lens that has particular issues, concerns and objectives.
This project aims develop a set of information products designed to assist Melbourne Water land managers to 
productively engage with key stakeholder groups across Melbourne Water’s operating area. The prime objective 
of the products will be communicating Melbourne Water’s current and desired priority for biodiversity 
conservation in a manner that is commensurate with each stakeholder’s involvement in biodiversity 
conservation.
To successfully engage with stakeholders Melbourne Water biodiversity planners must be able to communicate 
both the location of priority land (where) and the reasons for that priority (why). Additionally planners must be 
able to readily access information on the consequences of assigning land as a biodiversity priority (for example, 
the levels of service required and or incompatible activities to maintain a particular biodiversity conservation 
value). To be considered successful the information produced must be assessable to stakeholders both in terms 
of what and how the content is presented.
The information products developed through this project will make use of existing available information that will 
be integrated and moulded to fit Melbourne Water's particular responsibilities and needs. Defining the format 
and focus of these products is seen as part of the project delivery process.
1.1 Biodiversity Action Plan
Melbourne Water planning for biodiversity is guided by the Biodiversity Action Plan (2015).  This document is a 
summary of the key actions for Melbourne Water with respect to biodiversity conservation protection ad 
enhancement across its jurisdiction.  A key action that has driven the development of GreenPrint is Action BS3. 
Action BS3 states:
Action BS3
Prepare a biodiversity planning ’master plan’ or ‘blueprint’ of our operating area: categorising and prioritising 
land Melbourne Water owns, manages or influences in terms of existing biodiversity values, potential 
biodiversity enhancement (e.g. connectivity opportunities), and desired biodiversity objective(s).
To inform development planning, the master plan should provide guidance on what activities would be 
incompatible with the desired biodiversity objective(s), and which activities would require further assessment 
and mitigation.
1.2 This Document
This document is a summary of the technical development of the key project deliverable: “GreenPrint” a data 
product designed to assist Melbourne Water in Regional property prioritisation for biodiversity planning





2.1.1 What is GreenPrint?
GreenPrint is a strategic concept that is being developed by Melbourne Water to assist internal planning teams.
GreenPrint is an input to operational planning on the biodiversity conservation priority for land Melbourne Water 
owns, manages or influences.  GreenPrint is a biodiversity viewpoint of the Melbourne Water jurisdiction and will 
be one of many inputs to investment and planning decision-making.  In essence…
…From a starting point of DELWP1 Strategic Biodiversity Conservation value, provide a profile (GreenPrint) of
Melbourne Water’s vision of biodiversity conservation priority with respect to its organisational obligations and 
objectives for biodiversity on properties that it owns, manages or influence.
2.1.2 Why is GreenPrint Needed?
To secure the strategic protection or enhancement of biodiversity values that are of interest to Melbourne Water 
it requires information that provides a simple overview of relative priority of biodiversity across its jurisdiction.
The Department of Environment, Water, Land and Planning (DELWP) has developed a statewide view of 
biodiversity that has been distilled into a dataset called NaturePrint (see Appendix A for a brief explanation of 
NaturePrint). NaturePrint is seen as a foundation for biodiversity planning, however several key deficiencies are 
known, including:
NaturePrint performs poorly in significant built up areas – Melbourne Water’s jurisdiction is centred 
on Greater Melbourne and highly modified, urbanised environment.
NaturePrint has had significant terrestrial biodiversity information input into its development 
however it has poor representation of aquatic biodiversity – Melbourne Water’s service mandate 
means that aquatic systems and biodiversity are a key focus.
It is for these reasons that Melbourne Water began the development of GreenPrint. GreenPrint is intended to
provide Melbourne Water planners one strategic input to assess the consequence of biodiversity priorities on 
other operational. GreenPrint is a guide to planning not a prescription for planners with a biodiversity 
conservation focus.
GreenPrint takes NaturePrint as a starting point and uses information relevant to Melbourne Water’s 
operations/biodiversity objectives to enhance the scores of NaturePrint. GreenPrint uses a multi-criteria 
(weighted addition) method to achieve this aim.
The principles guiding the development of GreenPrint were to ensure it was strategic, had a transparent
development process, was flexible, was developed in a participatory environment and was evidence-based. The 
principles:
Strategic – GreenPrint’s is a strategic planning tool for Melbourne Water in that illustrates the relative 
biodiversity priority across the Melbourne Water jurisdiction.
Transparent – the development processes, inputs and assumptions are clearly documented. 
Flexibility – the development process can be enhanced or updated with new or better information.
Participatory – workshops with internal stakeholders were a key process in the development of input criteria 
definition, criteria scoring, criteria weighting and analysis processes.
Evidence-based – available spatial information has been used in the development of GreenPrint. GreenPrint is 
spatial data information product.
1 Department of Environment, Water, Land and Planning (Victoria)




The project used a two stage process in the development of GreenPrint
1. Stage 1 – Criteria definitions / Draft GreenPrint scenarios
2. Stage 2 – Criteria refinement / Final GreenPrint Scenarios
The outcome of an initial workshop with Melbourne Water Stakeholders (see Appendix G - G.1) was a long list 
of potential inputs to GreenPrint.  In keeping with the principles in Section 2.1.2 these were distilled into four
inputs that have been used as the basis of developing GreenPrint: These are: 
NaturePrint – NaturePrint has a significant and ongoing intellectual effort in its development and distils a very 
wide range inputs including habits, connectivity and ecological significance.  NaturePrint is the State’s official 
view of strategic biodiversity conservation priority across Victoria. As such it is the foundation for GreenPrint.
Water bodies – Aquatic systems are under-represented in NaturePrint.  Aquatic systems such as wetlands and 
groundwater dependent ecosystems (GDE) contribute to the biodiversity of the Melbourne Water jurisdiction 
and are often critical to or incorporated features Melbourne Water’s operations. The presence of water is a
fundamental indicator for biodiversity and as such is of importance to Melbourne Water. 
Watercourses – As with water bodies, watercourses are the other component of aquatic systems that are 
under-represented in NaturePrint.  The stream network managed by Melbourne Water contributes to the 
biodiversity of the Melbourne Water jurisdiction is a critical feature of Melbourne Water’s operations. . 
Watercourse condition from a biodiversity perspective is a key indicator of water quality and as such of 
importance to Melbourne Water mandate as a water provider.
Tenure – Melbourne Water owns and manages a significant estate in the Greater Melbourne area.  It is these 
areas that it directly manages. In addition Melbourne Water interest is in its whole region as actions 
(developments, land use changes, etc) up-catchment can influence the biodiversity of the core network.  In
Stage 2 Tenure was removed as a criteria as feedback from some Melbourne Water stakeholders suggested 
that this was not in keeping with a “purely” biodiversity perspective for GreenPrint.
Figure 2.1 illustrates the four components (criteria) used in Stage 1 and 2
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2.3 Key processes in the GreenPrint framework
This section is a summary of the 5 key information development processes used to create each version 
(Scenario) of GreenPrint – see Section 4 for the scenarios run during the project.  As shown in Figure 2.2 and 
Figure 2.3 each criterion uses one or more of these processes depending on available information. NaturePrint 
(Strategic Biodiversity Score) is by definition a normal scale between 0 and 100 and as such only undergoes the 
Normalise process2. 






Figure 2.4 provides an idealised process for two criteria.
Figure 2.4 : GreenPrint – Information development process
The following sections summaries each of the 5 processes.
2.3.1 Select – GreenPrint criteria selection
This process involves selecting the dataset(s) that will represent the particular input criterion and the information 
content (database attributes/fields) that will be extracted to create a criterion. The key question here is “…what 
information is available to spatially represent the conceptual problem?..”  For GreenPrint the criteria where 
selected in a participatory process (workshops / project team meetings) involving Melbourne Water internal
stakeholders – see Appendix G.  Section 2.2 above summaries the criteria selected to derive GreenPrint.
2.3.2 Quantify – GreenPrint criteria scoring
Much of the raw input data is categorical (classes of information).  For this to be useful we must first convert to a 
quantity (numerical).  This is a critical principle for all multi-criteria analyses that use an additive combination 
process.  The scoring concept in GreenPrint is used to weight location within a criterion.  That is, not all water 
bodies are of equal importance from a biodiversity perspective.  Numerical scores are either assigned (by 
workshop consensus) or an available metric, for example the Macroinvertebrate Condition Index – MCI 3  is used 
2 NaturePrint is extracted for the Melbourne Water operating area.  This area covers much of the greater Melbourne metropolitan area.
3 Walsh CJ & Webb JA (2013)
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to assign a score to the criteria’s representative features where appropriate.  The score acts as a “weight” in the 
next step (Densify) where it is used as a “population” of multiplier value in a density function.
All criteria in GreenPrint have scores assigned on a nominal scale of 0 to 100 (see Figure 2.5).  Each scoring 
system for the criteria is internally consistent but independent. Scores are assigned or used with respect to the 
locations (feature) value to biodiversity.
At this point in the overall process all vector features with assigned scores are rasterised (converted from vector 
to raster format) using a 20x20m pixel (grid cell) resolution.  This process serves two purposes:
Rasterization normalises the geography by making all geographic features “equal” – the unit feature 
becomes a pixel of 20x20m.  This removes an inherent bias in vector feature representation.  Features 
can be of varying sizes (lengths or areas) with identical attribution (in this case “scores”).
The raster format allows the application of the Density function (a raster analysis function) in the 
framework.
Figure 2.5 : GreenPrint scoring scale – quantifying the inputs
2.3.3 Densify – Density as a metric encompassing quantity & proximity
GreenPrint is designed to help planers understand the location of biodiversity hot spots and locations in close 
proximity to hot spots.  To achieve this, a density function is applied to each of the scored criteria.  The criterion 
scores act as weights or “population” parameters for the density function. A raster analysis Density function was
chosen as it has the advantage of incorporating quantity and proximity in the one metric.  
A key input parameter to the Density function is the maximum radius of influence. For all criteria we set a radius
of 500m for the density function. The radius sets the maximum distance that a feature can influence its 
neighbouring area. NaturePrint by definition accounts for connectivity (proximity) and as such does not require 
the use Density function to be incorporated into the framework. Figure 2.6 illustrates the Density process. In 
essence GreenPrint uses Density as a surrogate for “influence” or “attractiveness”.  That is, the greater the 
biodiversity score of a location the more “influence” it will exert on our decision making with respect to the 
location and its surrounds.
Figure 2.6 : GreenPrint – the Density function
Regional property prioritisation for biodiversity 
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2.3.4 Normalise – Normalising criteria scales
Prior to combining criteria to create a GreenPrint version (scenario) all inputs are normalised to a common scale
(GreenPrint uses 1 – 100). Figure 2.7 illustrates the algorithm used to achieve this. Normalisation is a standard 
procedure in all multi-criteria analysis processes that use an additive paradigm.
Normalisation of the density values is undertaken to remove the inherent bias that can occur when combine 
features from different sources.  For example the Melbourne Water GDEs are small and sparse compared with 
the stream network which is large and extensive.  Density values from GDEs will always be at the lower end of 
the scale compared to the stream network. In this instance the values of the network would always swamp the 
GDEs.  To counter this inherent and mapped feature bias we rescale the density values of all inputs to a 
nominal scale between 1 – 100 prior to combination.
Figure 2.7 : GreenPrint – the normalisation process
2.3.5 Combine – GreenPrint criteria weights defined by AHP
At this point in the process we are able to undertake the process that creates a GreenPrint version (scenario).  
GreenPrint uses an additive multi-criteria paradigm.  That is, criteria are developed then added together (with 
weights) to derive a result. Equation (Stage 1) and (Stage 2) represent the multi-criteria combination functions 
used.
GreenPrintX = NP * NPWeightX + WB * WBWeightX + WC * WCWeightX + TN * TNWeightX  (Stage 1)
GreenPrintX = NP * NPWeightX + WB * WBWeightX + WC * WCWeightX       (Stage 2)
Where:
X = GreenPrint version (scenario)
NP = NaturePrint Normalised
WB = Normalised Weighted Density of water bodies
WC = Normalised Weighted Density of watercourses
TN = Normalised Weighted Density of tenure
WeightX = criteria weight for scenario X
Regional property prioritisation for biodiversity 
planning
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NP, WB, WC and TN are all normalised values between 1 – 100.  To ensure GreenPrint also has a value range 
between 1 – 100.  The WeightX values (weights) must add to 1.  To assign weights GreenPrint uses a pair-wise 
comparison process as implemented in the Analytical Hierarchy Process (AHP) – see Appendix E. 
In AHP the concept is to compare pairs of input criteria against a question and assign a relative significance
between the two pairs based on the objective or question.  In GreenPrint’s case the preference questions is 
“…how significant is Criteria A to Criteria B with respect to its contribution to biodiversity 
conservation?...”.  This process is repeated for all criteria pairs.
A key advantage of the AHP method is that it provides a measure of the internally consistency of the proposed 
weighting scheme.  For example: 
If we assign weights such that: {Criteria A < Criteria C}, {Criteria A > Criteria B} and {Criteria B > Criteria C} then 
we have introduced inconsistency into our weighting scheme.
Appendix E provides more detail on the AHP process and links to further reading.
Figure 2.8 : the AHP process
In Stage 1 four scenarios where run using the criteria and the AHP weighting assignment process. In Stage 2 
two additional scenarios where developed.  These scenarios are described in more detail in Section 4. 




GreenPrint criteria have been derived from available spatial information and through a participatory process with 
Melbourne Water. These criteria where distilled from a workshop with Melbourne Water internal stakeholders.  
See Appendix F - G.1 for a summary of this workshop. The following sections summaries the development of 
each of the criteria used in GreenPrint scenarios (see Section 4). 
In development of the GreenPrint scenarios five criteria where selected for inclusion in scenario runs.  These 
include
 NaturePrint (SBS2014)4 – NaturePrint is the State of Victoria’s agreed view of strategic biodiversity 
conservation priority.  NaturePrint (through the Strategic Biodiversity Score – SBS) is the basis for 
GreenPrint.  The other criteria selected for GreenPrint as seen to “enhance” or focus NaturePrint scores 
with respect to the interests of Melbourne Waters biodiversity priorities.- see Appendix A for a summary 
of NaturePrint and the SBS.
 Waterbody Density – NaturePrint is recognised as having a “bias” to terrestrial ecosystems.  
Melbourne Water’s focus as a water delivery utility is the aquatic ecosystems within its jurisdiction.  
Including of water bodies (particularly floodplains, wetlands, GDE and constructed wetlands) assist to 
enhance the importance of these regions in GreenPrint.  The spatial feature representing water bodies 
where collated and assigned relative scores as part of the criteria development process.
A Watercourse Density (DCI)5 –Waterways represent linear features of significant interest to 
Melbourne Water. As with water bodies, including of watercourses enhances the importance of these 
key connective features. Water course density was derived from information on the Melbourne Water 
stream network that was scored using Directly Connected Imperviousness (DCI) values supplied by 
Melbourne Water – see Appendix C for information on DCI. 
B Watercourse Density (MCI)6 –Waterways represent linear features of significant interest to 
Melbourne Water. As with water bodies, including of watercourses enhances the importance of these 
key connective features.  Water course density in this case was derived from information on the 
Melbourne Water stream network that was scored using Macro-Invertebrate Index (MCI) values 
supplied by Melbourne Water – see Appendix D for information on MCI. 
Tenure Density – Tenure was included to represent the degree of influence that Melbourne Water 
has on land within its jurisdiction.  This information was seen as providing a focus for the basic 
biodiversity priority represented in NaturePrint and the water-related criteria.  The spatial feature 
representing tenure where collated and assigned relative scores as part of the criteria development 
process. Tenure was removed as a criterion from Stage 2 scenarios as a result of feedback from 
Workshop 2 (see Appendix F - G.2). 
See Appendix B for a short description of data sources for GreenPrint criteria.
The following sections describe each of the criteria outlined above.
4 (SBS 2014) NaturePrint Strategic Biodiversity Score
5 Walsh CJ & Kunapo J (2014)
6 Walsh CJ & Webb JA (2013)
Regional property prioritisation for biodiversity 
planning
11
3.1 Criterion – NaturePrint
Table 3.1 describes the information development process used I both Stage 1 and 2 for NaturePrint.
Table 3.1 : NaturePrint – inputs and criteria development process
Inputs Dataset Assigned Score Notes/Rationale   
Inputs NaturePrint (SBS) Normalised SBS
The NaturePrint (1 to 7) scaled product is based on a dataset called 
Strategic Biodiversity Score (SBS)
NaturePrint is the base from which GreenPrint is derived
Criterion definition 
process
1 Resample to 20m resolution from 75m to align to other inputs Figure 3.1
2 The SBS is normalised to a scale of (0-100) Figure 3.2
Figure 3.1 : raw NaturePrint – Strategic Biodiversity Score (SBS)
Figure 3.2 : Normalised NaturePrint
Regional property prioritisation for biodiversity 
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3.2 Criterion - Waterbody density
Figure 3.3 illustrates the Waterbody Density development process. Table 3.2 describe the Waterbody 
Density information development process for Stage 1 and Stage 2 respectively.
Figure 3.3 : Waterbody weighted density process













This information incorporated MW GDE 




This information encompasses all wetlands 
across the MW region
Planning 
Overlay - LSIO 30 75
This information represents floodplain area that 
are of interest to MW
Constructed 
wetlands 15 30
This information represents wetlands created 
by MW as part of its waterway network -
derived from MW waterbodies data
Criterion Definition 
steps
1 Collate waterbody inputs Figure 3.4 and Figure 3.5
2 
Create input scored datasets 
from source information (20x20m 
raster data)




Combine inputs into single 
scores layer for water bodies 
(Maximum value)
4 
Create waterbody weighted 
density - neighbourhood = 500m 
radius
5 
Normalise waterbody density to 
1 to 100 scale (see framework 
tab for normalisation function)
Figure 3.5 (stage 1)
Figure 3.6 (stage 2)
Figure 3.4 : Waterbody Density input to weighted density process
Figure 3.5 : Stage 1 - Waterbody Density output from weighted density process
Regional property prioritisation for biodiversity 
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Figure 3.6 : Stage 2 - Waterbody Density output from weighted density process
Note: Figure 3.5 and Figure 3.6 are not depicted using the same class breaks.  These figures using a quartile 
stretch (equal area) hence the similar appearance.
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3.3 Criterion - Watercourse density (DCI)
A Figure 3.7 illustrates the Watercourse Density development process using Directly Connected 
Imperviousness (DCI)7 as a method of scoring the stream network.
Figure 3.7 : Watercourse course (DCI) weighted density process
Watercourse Density used the Melbourne Water stream network and scored this network using information from 
either work on storm water runoff (Directly Connected Imperviousness DCI – see Appendix C). DCI was used in 
Stage 1 whereas MCI was used in Stage 2.
Table 3.3 describes the Waterbody Density information development process using DCI.
Table 3.3 : Watercourse Density (DCI) – inputs and criteria development process




(upstream) on MW 
stream  network
Used to Score 
watercourses
(stage 1) 
To score Melbourne Water’s stream network (the basis 
of the Watercourse Density criterion) this project utilised 
information in Melbourne Water’s Directly Connected 
Imperviousness (DCI) spatial database.  This dataset is 
seen as a good surrogate for stream network 
disturbance and therefore condition. A report on this 
work was provided by Melbourne Water – the report 
abstract in Appendix C.
Criterion definition 
process
1 DCI for use as watercourse scores on DR_Network(invert DCI scores to use in analysis) Figure 3.8
2 
Create input scored datasets from source information 
(20x20m raster datasets) - use inverted DCI value for 
score
4 Create waterbody weighted density (neighbourhood = 500m radius)
5 Normalise waterbody density to 1 to 100 scale (see framework tab for normalisation function) Figure 3.9
7 Walsh CJ & Kunapo J (2014)
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Figure 3.8 : Watercourse Density (DCI) inputs to weighted density process
Figure 3.9 : Watercourse course (DCI) output from weighted density process
Regional property prioritisation for biodiversity 
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3.4 Criterion - Watercourse density (MCI)
B Figure 3.7 illustrates the Watercourse Density development process using the Macro Invertebrate 
Condition Index (MCI)8 as a method of scoring the stream network.
Figure 3.10 : Watercourse course (MCI) weighted density process
Watercourse Density used the Melbourne Water stream network and scored this network using information from 
macroinvertebrate studies (Macro Invertebrate Index – MCI – see Appendix D).  MCI was used in Stage 2 only.
Table 3.4 describe the Waterbody Density information development process using MCI.
Table 3.4 : Watercourse Density (MCI) – inputs and criteria development process





Used to Score 
watercourses
(stage 2)
MCI is used as the score for Melbourne Water 
watercourses. MCI is seen as a good compliment to 





Re-Classify DCI for use 
as watercourse scores 
on DR_Network




Create input scored 
datasets from source 
information 
(20x20m raster 
datasets) - use inverted 






8 Walsh CJ & Webb JA (2013)
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Figure 3.11 : Watercourse Density (MCI) inputs to weighted density process
Figure 3.12 : Watercourse Density (MCI) output from weighted density process
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3.5 Criterion - Tenure density
Tenure Density was not used as a GreenPrint criterion in Stage 2 scenarios. Tenure Density was 
removed based on feedback at a final Melbourne Water stakeholder workshop.
Figure 3.13 : Tenure weighted density process
Table 3.5 : S1 - Tenure Density – inputs and criteria development process
Dataset Assigned Score Notes/Rationale
inputs
Melbourne Water 
Lands 100 MW have significant influence over these areas
Non-Melbourne 
Water Lands 75 MW have significant influence over these areas
Public Land 
Management 75 MW can exert influence over these areas
Open Space 
Inventory 50 MW may be able to influence these areas
Criteriion definition 
process
1 Create input scored datasets from source information (20x20m raster datasets) Figure 3.14
2 Combine inputsto create a single tenure score dataset(20x20m raster)
3 Create waterbody weighted density (neighbourhood = 500m radius)
4 Normalise waterbody density to 0 to 100 scale (see framework tab for normalisation function) Figure 3.15
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Figure 3.14 : Tenure Density inputs to weighted density process
Figure 3.15 : Tenure course output from weighted density process
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4. GreenPrint Scenarios & Results 
Each scenario has been provided to Melbourne Water as a set of spatial datasets for further analysis and 
consideration. Additionally for each Melbourne Water land asset a summary was derived providing the 
Maximum, Minimum, Mean, Standard Deviation of GreenPrint scores for the asset.  The PCID attribute (Asset 
identifier) was used to derive this table of information. The following sections summarise the inputs to each 
scenario run for Stage 1 and 2 of the project.  
NOTE The figures in the following sections do not have identical class breaks – for visualisation 
purposes a quartile stretch (equal area) has been used to show the spread of the data under a particular 
scenario.
4.1 Stage 1 Results
4.1.1 Stage 1 - Scenario 1







This is the base case 
scenario - all inputs have 
equal importance
0.00
2 Waterbody Density 0.25
3 Watercourse (DCI) Density 0.25
4 Tenure Density 0.25
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Figure 4.1 : GreenPrint – Scenario 1
4.1.2 Stage 1 - Scenario 2






1 NaturePrint 0.46 This scenario assumes a 
greater emphasis on 





2 Waterbody Density 0.18
3 Watercourse (DCI) Density 0.30
4 Tenure Density 0.05
Figure 4.2 : GreenPrint – Scenario 2
Regional property prioritisation for biodiversity
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4.1.3 Stage 1 - Scenario 3






1 NaturePrint 0.42 This scenario assumes a 
greater emphasis on 
Natureprint and water 
criteria (equal emphasis 
on watercourses and 
water bodies)
0.03 
2 Waterbody Density 0.25
3 Watercourse (DCI) Density 0.25
4 Tenure Density 0.08
Figure 4.3 : GreenPrint – Scenario 3
Regional property prioritisation for biodiversity 
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4.1.4 Stage 1 - Scenario 4






1 NaturePrint 0.47 This scenario assumes a 
greater emphasis on 
Natureprint and tenure 
criteria
0.03 
2 Waterbody Density 0.10
3 Watercourse (DCI) Density 0.10
4 Tenure Density 0.33
Figure 4.4 : GreenPrint – Scenario 4
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4.1.5 Stage 1 - Scenario 6
Table 4.5 : Scenario 6 – Watercourse DCI
CRITERIA INPUTS CRITERIA Weight
Consistency Score
(<0.1 is acceptable)
1 NaturePrint 0.50 This scenario assumes a greater 
emphasis on Natureprint and 
equal between watercourse 
(DCI) and water bodies
0.002 Watercourse (DCI) Density 0.25
3 Waterbody Density 0.25
Figure 4.5 : GreenPrint – Scenario 6
Regional property prioritisation for biodiversity 
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4.2 Stage 2 Results
At a second workshop (see Appendix G.2) that introduced the GreenPrint concept and results from Stage 1 a 
preferred option (Scenario 5) was developed with stakeholders.  This option uses a combination of NaturePrint, 
Watercourse Density (using Melbourne Water’s macroinvertebrate condition study9) and Waterbody Density as 
criteria.  The following sections illustrate the base case (Section 4.2.1 - equal weighted criteria) and preferred 
case (Section 4.2.2 - stakeholder criteria weights)
4.2.1 Scenario 5 (base case – equal weighted criteria) 
Table 4.6 : Scenario 5 – Base Case




A base case that is used to test 
the effect of weighting on the 
resultant GreenPrint score 
distribution
0.002 Watercourse Macroinvertebrate Density 0.33
3 Waterbody Density 0.33
Figure 4.6 : GreenPrint – Scenario 5 (base case)
9 Walsh,!C.!J.and!Webb,!J.!A.!(2013).  Predicting stream macroinvertebrate assemblage composition as a function of$land use, physiography and 
climate: a guide for strategic planning for river and water management in the Melbourne Water management region. Melbourne Waterway Protection 
and Restoration! Science- Practice Partnership Report 13-1. Department of Resource Management and Geography, The University of Melbourne 
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4.2.2 Scenario 5 (preferred case – stakeholder weighted criteria)
Table 4.7 : Scenario 5 – Preferred Case
CRITERIA INPUTS CRITERIA Weight
Consistency Score
(<0.1 is acceptable)
1 NaturePrint 0.50 This scenario assumes a greater 
emphasis on Natureprint and 
equal between watercourse 
macroinvertebrate and water 
bodies
0.002 Watercourse Macroinvertebrate Density 0.25
3 Waterbody Density 0.25
Figure 4.7 : GreenPrint – Scenario 5 (preferred weighting)
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4.2.3 Scenario 5 (preferred case vs base case)
To understand the effect of the preferred weighting scheme a simple subtraction of the Preferred to Base Case 
for Scenario 5 was performed.  Figure 4.8 illustrate this operation. Red areas are where the Preferred is less 
than the Base Case and green where the Preferred is greater than the Base Case.
Figure 4.8 : GreenPrint – Scenario 5 (preferred minus base cases)
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4.2.4 Scenario 5 (GreenPrint Classification)
This section summaries the classification of the raw GreenPrint raster data into a 10 class vector summary.  
This summary information will be used the key interface to GreenPrint by Melbourne Water staff.
Figure 4.9 : GreenPrint – Scenario 5 (10 Classes using a Geometric Interval classification) 
The class breaks above are cartographic breaks at this point. In applying these to the data the “true” data 
ranges for each class is produced – See Figure 4.10. 
Note: VALUE = the GreenPrint Class
Regional property prioritisation for biodiversity 
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Figure 4.10 : GreenPrint – Scenario 5 (Raw GreenPrint Summary)
Figure 4.11, Figure 4.12 and Figure 4.13 summaries the criteria inputs to GreenPrint for each of the 10 
GreenPrint classes in Figure Figure 4.9
Figure 4.11 : GreenPrint – Scenario 5 (NaturePrint – SBS Normalised Score Summary)
Figure 4.12 : GreenPrint – Scenario 5 (Normalised Waterbody Density Summary)
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Figure 4.13 : GreenPrint – Scenario 5 (Normalised Watercourse Density Summary)
Figure 4.14 provides a summary of the information assigned to the classified GreenPrint vector dataset (this 
view is via the ESRI ArcMap application and will differ in other GIS applications)
Figure 4.14 : GreenPrint – Scenario 5 (Summary dataset attributes)
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Where (for key attributes):
Attribute Description
GP_CLASS Assigned GreenPrint class
GP_MAX Maximum raw GreenPrint score for class
GP_MIN Minimum raw GreenPrint score for class
GP_MEAN Mean raw GreenPrint score for class
GP_STD Standard Deviation of raw GreenPrint scores for class
NP_MAX Maximum normalised NaturePrint score for class
NP_MIN Minimum normalised NaturePrint score for class
NP_MEAN Mean normalised NaturePrint score for class
NP_STD Standard Deviation normalised NaturePrint scores for class
WCD_MAX Maximum normalised Watercourse Density score for class
WCD_MIN Minimum normalised Watercourse Density score for class
WCD_MEAN Mean normalised Watercourse Density score for class
WCD_STD Standard Deviation normalised Watercourse Density scores for class
WBD_MAX Maximum normalised Waterbody Density score for class
WBD_MIN Minimum normalised Waterbody Density score for class
WBD_MEAN Mean normalised Waterbody Density score for class
WBD_STD Standard Deviation normalised Waterbody Density scores for class
REF_GP GreenPrint calculation (used on Raw data only)





REF_WEIGHTS Weights used for Scenario 5
REF_CONTACT Contact person email
REF_NOTE General note




Melbourne Water (2015) - Biodiversity Action Plan 2015-17. Unpublished report, Melbourne Water, Melbourne
Walsh CJ & Webb JA (2013) - Predicting Stream Macrointertebrate Assemblage Composition as a Function of 
Land Use, Physiography and Climate: A Guide for Strategic Planning of River and Water Management in the 
Melbourne Water Management Region. Melbourne Waterway Protection and Restoration Science – Practice 
Partnership Report 13E1. Department of Resource Management and Geography, University of Melbourne, 
Melbourne
“We produce an index that meets these criteria here, which we term LUMaR (Land Use Macroinvertebrate 
Response Index).”
Walsh CJ & Kunapo J (2014) – Directly Connected Impervious Data Compilation for Melbourne Water 
Selected Catchments, Report prepared by Melbourne University and Garce Detailed-GIS Services for 
Melbourne Water
NaturePrint (2014) - NaturePrint V2_0A Strategic Nature Values (2014). The State of Victoria, Department of 
Environment, Land, Water & Planning (2015). https://www.data.vic.gov.au/data/dataset/natureprint-v2 0a-
strategic-natural-values. 
(SBS 2014) NaturePrint Strategic Biodiversity Score - Native Vegetation Regulation (2013) Strategic 
Biodiversity Score version 3, The State of Victoria, Department of Environment, Land, Water & Planning (2015), 
http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803005186&publicId=guest&extractionProv
iderId=3#tab0




Figure 5.1 : NaturePrint
NaturePrint is a mechanism being developed by DELWP to integrate and analyse the best statewide 
information (available through DELWP databases) about biodiversity values, threatening processes and 
ecosystem function at the landscape scale. It will provide a consistent basis to help us better understand the 
synergies and trade-offs involved in policy options and operational decisions.
NaturePrint provides simple-to-use outputs for:
Biodiversity decision-making including strategic planning (Regional Growth Plans and Regional Catchment 
Strategies)
Targeting effort (Victorian Investment Framework, Communities for Nature and the Victorian Weeds and Pests 
program).  
Regulatory frameworks (public land management).
NaturePrint is not a decision-making process; rather it is aiming to integrate a range of complex information to 
more easily and consistently inform such decisions and provide this in a 'fit for purpose' and 'easy access
format. 
Ultimately, decisions impacting on biodiversity outcomes will also be influenced by a mix of other factors such 
as feasibility, cost, resources, community attitudes, emerging environmental markets, government policy tools 
(e.g. regulation, price-based incentives, education and information) and other drivers such as landholder values, 
world markets and commodity prices, and land value.
Source: http://www.depi.vic.gov.au/environment-and-wildlife/biodiversity/natureprint
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For this study the Native Vegetation Regulation (2013) Strategic Biodiversity Score version 3 - Appendix 0 (the information 
from which NaturePrint is derived) was used as input to GreenPrint.
A.1 NaturePrint
From: NaturePrint v2_0A Strategic Natural Values
Metadata Name Description
Resource Name: NATUREPRINT_2_0A_SNV
Title: NaturePrint v2_0A Strategic Natural Values
Anzlic Id: ANZVI0803004616
Custodial Program: Biodiversity and Ecosystem Services (DEPI)
Custodian: Department of Environment, Land, Water & Planning
Abstract: NPv2 is a ranked surface of Biodiversity values across Victoria implemented within 
the reserve design and spatial conservation prioritisation software package 
'Zonation'. NPv2 attempts to efficiently rank places within Victoria in terms of their 
capacity to support multiple conservation assets while considering complementarity, 
landscape context and ecosystem integrity.
Search Words: ECOLOGY
Nominal Input Scale:
Currency Date: 05 November 2014
Dataset Status: Completed
Progress: Complete
Access Constraint: Creative Commons Attribution 4.0 International licence, Copyright and Attribution, 
Terms of Use - http://creativecommons.org/licenses/by/4.0/
General access. E-mail request to:- data.vsdl@dse.vic.gov.au to access this Grid 
dataset.
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A.2 Strategic Biodiversity Score
From: Native Vegetation Regulation (2013) Strategic Biodiversity Score version 3
Metadata Name Description
Resource Name: NVR2013_SBS_V3
Title: Native Vegetation Regulation (2013) Strategic Biodiversity Score version 3
Anzlic Id: ANZVI0803005186
Custodial Program: Biodiversity and Ecosystem Services (DEPI)
Custodian: Department of Environment, Land, Water & Planning
Abstract: This is the updated version of NVR2013_SBS_V2. The NaturePrint Strategic 
Biodiversity Values dataset is an objective, comprehensive and spatially explicit view 
of strategic biodiversity values. This dataset does more than just recognise the 
presence of significant biodiversity characteristics at each site, it identifies the value 
of a site relative to the value of all other Victorian locations. DEPI's NaturePrint 
initiative coordinates the development and application of datasets and techniques to 
enable this view. Ideally, these analyses would be based on complete information on 
all biodiversity and relevant ecological considerations at all places in Victoria. Given 
this level of information is not available, the NaturePrint approach relies on robust 
modelling and extrapolation from available primary data.
For use on the native vegetation permitted clearing regulations, the Strategic 
Biodiversity Value ranking is converted to a score that enables the strategic 
importance of different locations to be directly compared in numerical terms (e.g. 
such that a location with a score of 0.4 can be considered to be twice the strategic 
value of a location with a score of 0.2). Version 3 of this data set is used to 
determine the Strategic Biodiversity Value of potential loss for the purposes of the 
permitted clearing regulations.
Search Words: FAUNA Native, ECOLOGY Landscape, FLORA Native, ECOLOGY Habitat, VEGETATION
Nominal Input Scale: 1:100,000
Currency Date: 08 January 2014
Dataset Status: Completed
Progress: Complete
Access Constraint: Creative Commons Attribution 4.0 International licence, Copyright and Attribution, 
Terms of Use - http://creativecommons.org/licenses/by/4.0/
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Appendix C. DCI - Directly Connected Imperviousness 
To score Melbourne Water’s stream network (the basis of the Watercourse Density criterion – see Section 3.3)
this project utilised information in Melbourne Water’s Directly Connected Imperviousness (DCI)10 spatial 
database.  This dataset is seen as a good surrogate for stream network disturbance and therefore condition.
A report on this work was provided by Melbourne Water – the report abstract is provided below.
Contact Melbourne Water for a copy of this report
10 Walsh CJ & Kunapo J (2014)
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Appendix D. MCI - Macroinvertebrate Condition Index
To score Melbourne Water’s stream network (the basis of the Watercourse Density criterion – see Section 3.3)
this project utilised information in Melbourne Water’s Macroinvertebrate Condition Index (MCI) 11 spatial 
database.  This dataset is seen as a good surrogate for stream network disturbance and therefore condition.
A report on this work was provided by Melbourne Water – the report summary is provided below.
11 Walsh CJ & Webb JA (2013)
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Contact Melbourne Water for a copy of this report
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Appendix E. Analytical Heiarchy Process (AHP) 
E.1 Wikipedia Definition
Text from Wikipedia
“The analytic hierarchy process (AHP) is a structured technique for organizing and analyzing complex 
decisions, based on mathematics and psychology. It was developed by Thomas L. Saaty in the 1970s and has 
been extensively studied and refined since then.
It has particular application in group decision making,[1] and is used around the world in a wide variety of 
decision situations, in fields such as government, business, industry, healthcare, shipbuilding[2] and education.
Rather than prescribing a "correct" decision, the AHP helps decision makers find one that best suits their goal 
and their understanding of the problem. It provides a comprehensive and rational framework for structuring a 
decision problem, for representing and quantifying its elements, for relating those elements to overall goals, and 
for evaluating alternative solutions.
Users of the AHP first decompose their decision problem into a hierarchy of more easily comprehended sub-
problems, each of which can be analyzed independently. The elements of the hierarchy can relate to any aspect 
of the decision problem—tangible or intangible, carefully measured or roughly estimated, well or poorly 
understood—anything at all that applies to the decision at hand.
Once the hierarchy is built, the decision makers systematically evaluate its various elements by comparing them 
to one another two at a time, with respect to their impact on an element above them in the hierarchy. In making 
the comparisons, the decision makers can use concrete data about the elements, but they typically use their 
judgments about the elements' relative meaning and importance. It is the essence of the AHP that human 
judgments, and not just the underlying information, can be used in performing the evaluations.[3]
The AHP converts these evaluations to numerical values that can be processed and compared over the entire 
range of the problem. A numerical weight or priority is derived for each element of the hierarchy, allowing 
diverse and often incommensurable elements to be compared to one another in a rational and consistent way. 
This capability distinguishes the AHP from other decision making techniques.
In the final step of the process, numerical priorities are calculated for each of the decision alternatives. These 
numbers represent the alternatives' relative ability to achieve the decision goal, so they allow a straightforward 
consideration of the various courses of action.”12
This project uses the AHP pair-wise comparison procedure to assign weights for criteria inputs for ecah 
of the six scenarios run for this project.
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Appendix G. Workshop Summaries 
G.1 Workshop 1 (Stage 2)
G.1.1 Workshop Objectives
Workshop objectives include:
Provide participates with a framework for the project and a context for participation
Provide a forum that will allow participates to identify criteria that will contribute to the 
assessment of the priority of land Melbourne Water owns, manages or influences
G.1.2 Workshop Agenda
Introductions 5 min
Project Context Short introduction to the project and its objectives 10 min
Session 1: Concepts High-level conceptual framework for project 20 min
Break 10 min
Session 2: Priority criteria selection & 
definition
What is a constraint?
Criteria definitions, relative importance, promote/avoid 
activities, broad level of service, development 
compatibility
Introduction & facilitated group discussion
50 min
Session 3: Priority criteria selection & 
definition
What is an opportunity?
Criteria definitions, relative importance, promote/avoid 
activities, broad level of service, development 
compatibility
Introduction & facilitated group discussion
50 min
Summary & Next Steps 15 min
G.1.3 Criteria Definition participant responses
From session Sticky Notes collected during the workshop / NOTE: some input was difficult to read (se yellow highlighter)
Safety – associated with implementation ie also effects cost
Issues/species that have potential to impact on ecosystems services ie. It’s about ‘anticipating this’
Listed species – critical population size, Melbourne Waters contribution to state efforts
Limiting massive future expenditure ie. New and emergent species. Smaller management now rather than lots later
Connectivity to other vegetation ie. Large reserve system, waterways in Yarra Ranges National Park
Vegetation quality – ie % indigenous vs exotic or Veg rag
Likelihood of success of Intervention (ties in to other factors)
Ecology – plant, XXX, vegetation  
Social
Cost





MW Billabongs layer (GIS)
Already prioritised in DIS layer
Reconnecting – understanding and delivering asset, threat + feasibility
GDE’s 
MW GDE layers
Already prioritised in GIS layer
GDE Management Plans
WAIT Dataset - MCA Data
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From session Sticky Notes collected during the workshop / NOTE: some input was difficult to read (se yellow highlighter)
Wetlands (natural)
DEPI wetlands layer
Depends on ‘value’ and ‘landownership’ SOBS etc
Drought refuge reaches
MW DRR layer (GIS)
Already prioritised in GIS layer
Drought Management plans 
Stream front





Due to need to control / manage fire risks
Net Gain/ EPBC offset sites (current ones and future opportunities)
GIS layer
Very important




Other forms of agreements
Community ‘sense of ownership’ over MW land
Are there MW assets on the land
Priority Criteria
Does MW own the land or is it crown land vested in MW
Areas that could be targeted for amenity
Land that could be ‘sold off’
Tenure of land
Public vs private 5/5
Operations (Melb Water)
Land we need for future
Sewage treatment for future
Pump stations
Land we need to manage in a certain way eg. Flooding
Financial – Not mappable
Drinking water supply
Limit to vegetation management or herbicide use, vermin control, fire risk
Legal
How much clout do we have do we have to push?
Bushfire risk
Public safety limit revegetation/ or vegetation management.
Current historic Land use
Lack of information
Knowledge not there to guide us
Current condition





Vegetation quality (20 year templates)
Relates to level of service
Development planning
Development services schemes
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From session Sticky Notes collected during the workshop / NOTE: some input was difficult to read (se yellow highlighter)
Civil Assets
Limits revegetation and weed control
Direct Connected imperviousness
Impacts in stream processes












Cost of management 4
Core attribute (relates to XX activity)
Supports  XXX
Relationship to accepted/ approved directions (eg strategy, plan, management
Downstream effect (not just waterways) eg what happens because of 2 way (3)
GW Source (in flow, infiltrate) 4
Constraints
How will the data inform the decision to prescribe certain waterway corridor widths
(I’m assuming Geomorphology values will not be included in Greenprint)
Constraints
Dealing with PSPs and the MPA where land take is the key output, we need data that clearly delineates values (ie. Grassland etc).
If not, then further targeted studies are required. This is pretty much business as usual
Board level of service
How to sustain long term use?
Being able to input new/detailed assessments data into Greenprint
Standard procedures must be produced so that as Project Manager, my consultants will be able to produce data that is compatible with 
Greenprint
Data constraints and usability if data for my activity, eg. Native grassland on a property
Need to identify:
Quality of grassland 
Need to identify area of grassland
 Help – drainage planning – help feeding to
Represent – need to represent with GIS mapping scope









Tarago Werribee and Yarra




all ewater  XX on ewater activity
Ewater shortfalls
ISC etc
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Viability of value (3)
G.1.4 Workshop evaluation results
Response 1 Response 2 Response 3 Average
1a. The workshop was a useful form that provided participants with a framework for the project and a context for 
participation
4 5 4 4.33
1b. The workshop identified and agreed on criteria which may be used to prioritise land that Melbourne Water owns, 
manages or influences
3 4 “Not yet completed” 2.33
Comments
Still some confusion exists 
regarding significate criteria
Good discussion and good 
range of people/ MW teams
Good intro so far
2. The time available  in each of the main workshop sessions was about right
4 4 4 4 
Comments
- Probably 2-3 hours all 
peoples can afford to allocate
Thanks - 
3. The workshop processes were appropriate
4 5 3 4 
4. The facilitation was effective
4 5 4 4.33
What elements or sessions do you remember as having worked very well or being particularly effective for achieving 
the workshop objectives
Description of concept Free-flowing discussion – all 
got to talk
- 
6. Do you have any suggestions for improvements? Did we miss something in the workshop? Did you need further 
information?
Better connection between 
nature print an ‘ecosystem 
services’
- - - 
7. How would you rate the overall value of the workshop in relation to achieving its objectives?
High Very high High
8. Overall comments
- Excellent Always good to discuss 
better/ more effective data 
management
I like property size for data 
catalogue
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G.2 Workshop 2 (Stage 4)
G.2.1 Workshop Objectives
Workshop objectives include:
Provide participates with a framework for the project and a context for participation
Provide a forum that will allow participates to identify criteria that will contribute to the 
assessment of the priority of land Melbourne Water owns, manages or influences
G.2.2 Workshop Agenda
Introductions 5 min
Project Context & Update Short introduction to the project and its objectives 10 min
Session 1: Concepts & Rationale Conceptual framework & criteria 50 min
Break 10 min
Session 2: Criteria weighting (AHP) Introduction to AHP
Summary of weighting scenarios to date
Group discussion & weighting session
50 min
Break 10 min
Session 3: General Discussion Group discussion 20 min
Summary & Next Steps 15 min
G.2.3 Workshop Actions
Action Who
Rework scores based on input from 
workshop
Milos Pelikan - will set this up in the spreadsheet and prepare for a 
session for the week of the 29th
Replace DCI with “Bug” dataset if 
appropriate – investigate
Will Steele – arrange for “Bugs” data to be delivered
Remove tenure from GreenPrint Milos Pelikan will set this up in the spreadsheet and prepare for a 
session for the week of the 29th
Weight watercourses higher or equal 
to water bodies
Milos Pelikan will set this up in the spreadsheet and prepare for a 
session for the week of the 29th
Set up session @ Jacobs Milos Pelikan
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G.2.4 Workshop evaluation results
1 2 3 4 5 
1a. The workshop was a useful form that provided participants with a framework for the project and a context for participation
3 5 
1b. The workshop provided a forum that allowed participates to discuss and weight the relative significance of criteria that will 
contribute to the assessment of the priority of land Melbourne Water owns, manages or influences
5 3 
Comments
2. The time available  in each of the main workshop sessions was about right
2 3 3 
Comments
A bit long
3. The workshop processes were appropriate
1 5 2 
4. The facilitation was effective
6 2 
What elements or sessions do you remember as having worked very well or being particularly effective for achieving the 
workshop objectives
Good explanations
Changed program / agenda as required




6. Do you have any suggestions for improvements? Did we miss something in the workshop? Did you need further information?
Let people ask questions as you go through
Coming back to the group after different scenarios are created will be useful









I have a sense of over complication of the process and it would be good to understand the use of the results of this process at the 
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Appendix E – Site Maps and Photographs  
 
 
1 
 
 
Figure 1. Map (i) and satellite image (ii) for the Maribyrnong Low Biodiversity site. Note: the 
red dotted line indicates the approximate path taken by each interviewee, starting at A and 
turning around and returning to the beginning at B. North is to the top for both images. and the 
approximate length of the walking path is 2 km. 
 
 
 
Figure 2. Map (i) and satellite image (ii) for the Maribyrnong High Biodiversity site. Note: the 
red dotted line indicates the approximate path taken by each interviewee, starting at A and 
turning around and returning to the beginning at B. North is to the top for both images and the 
approximate length of the walking path is 2 km. 
 
 
 
 
Figure 3. Map (i) and satellite image (ii) for the Yarra Low Biodiversity site. Note: the red 
dotted line indicates the approximate path taken by each interviewee, starting at A and turning 
around and returning to the beginning at B. North is to the top for both images and the 
approximate length of the walking path is 2 km. 
 
 
 
Figure 4. Map (i) and satellite image (ii) for the Yarra High Biodiversity site. Note: the red 
dotted line indicates the approximate path taken by each interviewee, starting at A and turning 
around and returning to the beginning at B. North is to the top for both images and the 
approximate length of the walking path is 2 km. 
 
 
 
 
   
 
 
 
 
Figure 5. Yarra High Biodiversity site photographs 
 
 
   
 
 
 
 
 
 
   
Figure 6. Yarra Low Biodiversity site photographs 
   
 
 
 
 
 
Figure 7. Maribyrnong High Biodiversity site photographs 
   
 
 
 
 
   
Figure 8. Maribyrnong Low Biodiversity site photographs 
